ABSTRACT The goals of this study were to determine the population dynamics of sweetpotato whiteßy, Bemisia tabaci (Gennadius); green peach aphid, Myzus persicae (Sulzer); and the cotton/ melon aphid, Aphis gossypii Glover, as well as to explore the incidence of the complex of aphid-borne viruses of watermelon, Citrullus lanatus L., on different planting dates. Four (1998 Ð1999) and six (1999 Ð2000) watermelon plots were monitored under grower management conditions in La Huerta and Casimiro Castillo, Mexico. Plant growth, sweetpotato whiteßy, and aphid (adult and nymph) populations, and percentage of virus-infected plants were measured in fallÐwinter watermelon plots planted at different dates. The population of sweetpotato whiteßy varied signiÞcantly by planting date and showed two different population patterns.
SWEETPOTATO WHITEFLY, Bemisia tabaci (Gennadius); silverleaf whiteßy, B. argentifolii (Bellows & Perring) (both Homoptera: Aleyrodidae); and aphids such as the green peach aphid, Myzus persicae (Sulzer), and the cotton/melon aphid, Aphis gossypii Glover (both Homoptera: Aphididae), are important pests of different crops along of the Mexican PaciÞc Coast. The silverleaf whiteßy has recently emerged as one of the most destructive pests in several crops, including cucurbits, in the southwestern United States (Butler and Henneberry 1994 , Brown et al. 1995 , USDA 1995 . In northwestern Mexico, whiteßy damage by sap consumption has been reported in melon, Cucumis melo L.; watermelon, Citrullus lanatus L.; squash, Cucurbita pepo L.; and several noncucurbit crops (Martṍnez 1998 , Nava 1998 .
Nymphs and adults of the sweetpotato whiteßy produce yellowish leaves, delay plant growth, and reduce yield and quality of products (Ortega and González 1989) . Honeydew also is associated with whiteßy feeding, producing fumagine (mildew) and affecting photosynthesis and plant vigor (Ortega and González 1989) . In Santo Domingo B.C.S. and the Yaqui Valley, Sonora, Mexico, the highest whiteßy populations were recorded in summer crops from June to July (Corté z 1995 , Pacheco 1995 and from March to May in Sinaloa, Mexico (Avilé s 1995). Sweetpotato whiteßy; silverleaf whiteßy; greenhouse whiteßy, Trialeurodes vaporariorum (Westwood); and Trialeurodes spp. (Armenta 1994 , Corté z 1994 , Ló pez 1994 were reported in the northern PaciÞc Coast of Mexico. In La HuertaCasimiro Castillo valley, B. tabaci, T. vaporariorum (Velázquez 1995) , and B. argentifolii (Velázquez 1996) also were reported. Several species of weeds and crops are known as hosts of whiteßy species. In the northwestern Mexico, okra, Abelmoschus esculentus (Moench); sesame, Sesamum indicum L.; potato, Solanum tuberosum L.; and melon, Cucumis melo L., were the most important hosts .
In the Mexican states of Jalisco, Michoacán, Nayarit, and Colima, the main damage of whiteßy and aphid species is as vectors of viruses in cucurbits and other crops (Delagadillo et al. 1987 , Garzó n 1998 . In this agricultural area, chemical control is the only method used by growers to suppress vector populations; con-sequently, crops are exposed to traditional problems derived from the extensive use of insecticides but with little or no reduction of virus infection. In Jalisco, as in other tropical agroecosystems of Mexico, the presence of vectors and infection of viruses are concerns of growers of several winter crops. More affected areas are tropical lowlands (Garzó n 1998), which have suitable weather conditions to develop diseases produced by whiteßy-transmitted geminivirus as reported by Bock (1982) . In all Mexican horticultural areas, the presence of geminivirus was reported in jalapeñ o pepper, Capsicum annum L.; tomato, Lycopersicum esculentum Mill.; green tomato, Physalis ixocarpa Brotero; cucurbits; and tobacco, Nicotiana tabacum L. (TorresPacheco et al. 1996) . Most studies have been conducted separately to get information about vectors or viruses, but little or no information is available regarding their association in watermelon.
Cucumber mosaic virus (CMV), watermelon mosaic virus (WMV), and the tobacco ring spot virus (TRSV) were reported as affecting collectively 100% of commercial watermelon plots in Jalisco, Mexico (Delgadillo et al. 1987) . High levels of infection (20 Ð 100%) associated with whiteßy and aphid populations affected crop quality and yield (Martṍnez 1985 , Garzó n et al. 1991 . In the Culiacán Valley, Mexico, the complex of virus infection (CMV, WMV, and TRSV) reached 100% of infected plants, causing total losses of watermelon (Verdugo 1983) . The objectives of this study were to 1) determine vector (sweetpotato whiteßy and aphids) population dynamics and 2) study the development of virus infection on different planting dates of watermelon, under grower management conditions in La Huerta and Casimiro Castillo, Jalisco, Mexico.
Materials and Methods
Studies were conducted in La Huerta and Casimiro Castillo, in two consecutive years (1998 Ð1999 and 1999 Ð2000) . Watermelon is planted from October to late November in this growing area; therefore, watermelon plots were selected for different planting dates, and consequently different climatic conditions during the growing period. Crops were grown under fertiirrigation and plastic mulch unless otherwise indicated. In 1998, watermelon was planted on 16 and 30 November in La Huerta and on 12 October and 17 November in Casimiro Castillo. In 1999, watermelon was planted on 4 and 6 October and 5 December in La Huerta and on 9 and 18 October and 24 November in Casimiro Castillo. Plots planted on 6 October were grown under no plastic mulch. During the whole watermelon-growing season, daily air maximum and minimum temperatures and rainfall were collected from La Huerta and C. Castillo weather centers (Table 1) .
Plant Growth. To estimate development of plants, Þve sampling sites in each plot were selected. At each site, three plants were selected at random and were tagged to estimate length of main stem and to count number of leaves, nodes, and female ßowers. In 1998 Ð 1999 in La Huerta, growth of plants was recorded from December to March. In Casimiro Castillo, growth of plants was recorded from November to March. In 1999 Ð2000 in La Huerta, growth of plants was recorded from October to December. In Casimiro Castillo, sampling period was from October to March. Due to labor constraint (during data collection), plant growth was not recorded in the plot planted in this site on 18 October 1999.
Vector Populations. Sweetpotato whiteßy and aphid populations (adults and nymphs), and percentage of infected plants were monitored weekly in all 10 plots. Adults of vectors were monitored using Þve (replications) yellow water traps per plot. Traps consisted yellow plastic pans (25 by 30 by 20 cm) Þlled with water. Adults were transferred from traps to glass vials and preserved in alcohol to be counted in the laboratory. Once adults were removed, traps were replenished with clean water and reinstalled. Density of nymphs per leaf was estimated from Þve sites for each plot. In each of these Þve sites (replications), nine plants were randomly selected, and the ninth leave (counting from the top to the base of the plant) of the main stem was removed. Leaves were covered with paper and put into a plastic bag to be carried to a cooler. Once in the laboratory, all nymphs on leaves were counted by using a stereoscope microscope. In 1998 Ð1999 in La Huerta, adults and nymphs of the sweetpotato whiteßy and aphid species were monitored from December to March. In Casimiro Castillo, plots were monitored from November to March. In 1999 Ð2000 in La Huerta, the sampling periods were from October to February. In Casimiro Castillo, watermelon was sampled from November to March.
Virus-Infected Plants. The complex of viruses squash leaf curl virus (SLCV) and papaya ring spot virus (variety watermelon) (PRSV) level of infection (a B. tabaci-transmitted and an aphid-transmitted virus, respectively) was monitored from Þve sampling sites for each plot. In each sampling site (replication), Þve 10-m rows (150 m 2 ) were tagged to count infected and noninfected plants. Plants showing clear yellowish and curly leaves in different stages of severity were considered infected plants. In addition, samples of leaves in different stages of damage were used to determine the kind of virus. An enzyme linked immunosorbent assay (a gemivirus and begonovirus kit) was use for virus determination.
In La Huerta, virus infection was monitored on six dates in both plots in 1998 Ð1999. The sampling period was from December to March. In Casimiro Castillo, level of virus infection was measured on four and nine dates in the plots planted in October and November, respectively. In 1999 Ð2000 in La Huerta, measurements were made on 11 dates (SeptemberÐDecem-ber), in plots planted in October, and on 10 dates (DecemberÐFebruary) in plot planted in December. In Casimiro Castillo, level of virus infection was recorded on eight dates in each plot, from November to December (plot planted in September), from December to January (plot planted on October), and from January to March (plot planted in November).
Because of the polyphagus habit of sweetpotato whiteßy, presence of the insect on weeds was recorded twice in each plot. Records were made when the crop was in the vegetative stage and before harvesting. Approximately 30 weed species were visually checked in plots and around fences to record the presence of the insect. Weeds were grouped according the density of adults or nymphs they hosted per leaf. Level of infestation was recorded as low (0 Ð5), moderate (5Ð10), or high (Ͼ10).
Statistical Analysis. Numbers of adults (sweetpotato whiteßy and aphids), nymphs (whiteßy), and percentage of virus-infected plants were compared among treatments (sampling dates, planting dates, and research sites) for each year in accordance to a randomized block design procedure (SAS Institute 1985) . Because sampling dates were not the same in all studied plots, the seven sampling dates (for sweetpotato whiteßy and aphid populations) and Þve dates for percentage of virus-infected plants with the maximum values were only considered in the analyses to compare variable responses among sampling dates or research sites. Pearson correlation coefÞcient analyses were used to quantify the relationship between vector populations and mean temperature, age of crop, and vector population or virus infection. DuncanÕs multiple range test was used to determine signiÞcant differences among treatment means. A signiÞcant level of P Ͻ 0.05 was used for all experiments, except for correlation analyses, when temperature or age of crop was considered (P Ͻ 0.1).
Results
Environmental Conditions. In the Þrst period studied (October 1998 ÐMay 1999), May was the warmest and January was the coldest month at both sites. In the second period (September 1999 ÐMay 2000), September and November were the warmest months in La Huerta and Casimiro Castillo, respectively. The coldest month was December at both sites. Rainfall was recorded in May and from September to November. Watermelon was not exposed to rainfall from November to April, and growers supplied (according with their own criteria) most of the water requirement through irrigation.
Watermelon Growth. Developmental data of watermelon plants from all studied plots indicated that the largest main stem (4.84 m) was recorded 71 d after planting in the plot planted on 4 October; the main stem with the maximum number of nodes (66.6) was recorded 73 d after planting in the plot planted on 6 October. The highest number of leaves on the main stem (89.8) occurred 71 d after planting in the plot planted on 4 October, and the highest number of female ßowers on the main stem (3.8) occurred in the plot planted on 24 November.
Adult and Nymphal Populations, 1998 -1999. In La Huerta, sweetpotato whiteßy adult populations were signiÞcantly different among sampling dates in watermelon planted on 16 November (F ϭ 14.8, df ϭ 6, P ϭ 0.0001) or 30 November (F ϭ 12.55, df ϭ 16, P ϭ 0.0001). The highest number of adults was recorded on 17 February and 3 March in plots planted on 16 and 30 November, respectively (Fig. 1) . The number of sweetpotato whiteßy nymphs also was different among sampling dates in plots planted on 16 November (F ϭ 41.66, df ϭ 6, P ϭ 0.0001) or 30 November (F ϭ 14.66, df ϭ 16, P ϭ 0.0001). The highest number of nymphs per leaf was recorded on 10 March (8.2) and 5 April (5.3) in plots planted on 16 and 30 November, respectively. Adult aphid populations (complex of M. persicae, and A. gossypii) were signiÞcantly different among sampling dates on plots planted on 16 or 30 September (F ϭ 2.27, df ϭ 16, P ϭ 0.011). Highest average numbers of aphids were in December and February in plots planted on 16 and 30 September, respectively (Fig. 2) . Nymphs from all plots (sites or years) are not shown, because they were present only in a few sampling dates and were at low densities. There was no signiÞcant correlation between age of crop and sweetpotato whiteßy or the complex of aphids in this site.
In Casimiro Castillo, sweetpotato whiteßy adult populations were signiÞcantly different among sampling dates in plots planted on 12 October (F ϭ 15.6, df ϭ 6, P ϭ 0.0001) and 17 November (F ϭ 12.09, df ϭ 13, P ϭ 0.0001). The highest number of adults was recorded on 4 January and 1 March in plots planted on 12 October and 17 November, respectively (Fig. 1) . Age of crop and population of sweetpotato whiteßy adults were correlated in plots planted on 12 October (r ϭ 0.837, P ϭ 0.019) and 17 November (r ϭ 0.483, P ϭ 0.08). Average number of nymphs per leaf was significantly different among sampling dates in the plot planted on 17 November (F ϭ 12.88, df ϭ 13, P ϭ 0.0001), whereas in the plot planted on 12 October nymphs were only recorded on 28 December (0.1 nymph per leaf). In the watermelon plot planted on 17 November, aphid populations also were signiÞ-cantly different (F ϭ 5.20, df ϭ 13, P ϭ 0.0001) among sampling dates but not in the plot planted on October. The highest number of adult aphids (complex of species) on these plots was on 14 and 21 December, respectively (Fig. 2) .
In La Huerta, the average number of sweetpotato whiteßy adults was signiÞcantly higher in the plot planted on 30 November than in the plot planted on 16 November (F ϭ 11.09, df ϭ 1, P ϭ 0.002). However, population density of nymphs was similar between both planting dates (Table 2) . Although the average number of aphids from all sampling dates was very low, signiÞcantly more adults (F ϭ 4.12, df ϭ 1, P ϭ 0.048) were trapped in the watermelon plot planted on 16 November than in the plot planted on 30 November (Table 2) . In Casimiro Castillo, signiÞcantly more sweetpotato whiteßy adults were recorded in the crop planted on 12 October than in plot planted on 17 November, but more nymphs were present on the crop planted on 17 November (Table 2 ). The average number of sweetpotato whiteßy adults was signiÞ-cantly higher in Casimiro Castillo than in La Huerta (F ϭ 7.94, df ϭ 1, P ϭ 0.006) across sampling dates, but the number of nymphs was similar between both sites. SigniÞcantly more aphids were trapped in Casimiro Castillo than in La Huerta (F ϭ 13.14, df ϭ 1, P ϭ 0.0004) across sampling dates (Table 3) .
Adult and Nymphal Populations, 1999 -2000. In La Huerta, the number of adults of sweetpotato whiteßy was signiÞcantly different among sampling dates in plots planted on 4 October (F ϭ 9.75, df ϭ 14, P ϭ 0.0001), 6 October (F ϭ 8.27, df ϭ 18, P ϭ 0.0001), and 5 December (F ϭ 14.44, df ϭ 9, P ϭ 0.0001). Although few sweetpotato whiteßy nymphs were recorded in any plots, values were signiÞcantly different among sampling dates on plots planted on 4 October (F ϭ 7.65, df ϭ 14, P ϭ 0.0001) and 6 October (F ϭ 5.05, df ϭ 19, P ϭ 0.0001). Age of crop and population of the sweetpotato whiteßy were correlated (r ϭ 0.561, P ϭ 0.091) in the plot planted on 6 October. Number of aphids also was signiÞcantly different among sampling dates on plots planted on 4 October (F ϭ 2.54, df ϭ 14, P ϭ 0.006), 6 October (F ϭ 3.48, df ϭ 18, P ϭ 0.0001), and 5 December (F ϭ 2.39, df ϭ 9, P ϭ 0.04). In the plot planted on 4 October, the highest average numbers of adult and nymphal sweetpotato whiteßy were recorded on 23 November (Fig. 3 ) and 24 January (3.5 nymphs per leaf), respectively. In this plot, the highest average number of aphids was recorded on 14 December (Fig. 4) . In the crop planted on 6 October (Fig. 3) , the maximum average numbers of adult sweetpotato whiteßy and nymphs per leaf (5.3) were recorded on 4 January and 9 February, respectively. In the latest watermelon plot (planted on 5 December), maximum average numbers of sweetpotato whiteßies (Fig. 3) and aphid adults were recorded on 14 Feb- 
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URṍAS-LÓPEZ ET AL.: WHITEFLY/APHID/VIRUS COMPLEX IN WATERMELONruary and 11 January, whereas nymphs were scarcely present. In Casimiro Castillo, the number of sweetpotato whiteßies adults was signiÞcantly different among sampling dates in all studied plots (plot planted on 9 October: F ϭ 17.79, df ϭ 11, P ϭ 0.0001; on 18 October: F ϭ 2.88, df ϭ 7, P ϭ 0.02; and on 24 November: F ϭ 7.45, df ϭ 9, P ϭ 0.0001). The highest average numbers for these planting dates were on 4 November, 12 January, and 9 March, respectively (Fig. 3) . Number of nymphs also was signiÞcantly different among sampling dates in the plot planted on 9 October (F ϭ 5.12, df ϭ 12, P ϭ 0.0001), 18 October (F ϭ 2.15, df ϭ 7, P ϭ 0.04), and November (F ϭ 10.32, 6.6 (4.3)b 0.1 (3.6)b 9.7 (1.5)a 6.1 (2.5)b
Column means within year and site followed by the same letter are not statistically different (DuncanÕs test, P Ͼ 0.05). df ϭ 7, P ϭ 0.0001). The highest average number of nymphs per leaf on these dates occurred on 18 November (2.6), 12 January (0.2), and 9 March (112.6), respectively. Average numbers of adult aphids (complex of species) also was different among sampling dates in all studied plots (plot planted on 9 October: F ϭ 4.26, df ϭ 11, P ϭ 0.0003; on 18 October: F ϭ 12.47, df ϭ 7, P ϭ 0.0001; and on November: F ϭ 10.27, df ϭ 9, P ϭ 0.0001). The highest average number of adults for these planting dates occurred on 29 December, 15 December, and 9 March, respectively (Fig. 4) . Age of crop and populations of sweetpotato whiteßy adults and aphids were negatively correlated in the plots planted on 9 October (r ϭ Ϫ0.522, P ϭ 0.081) and 18 October (r ϭ Ϫ0.737, P ϭ 0.037), respectively. Populations of sweetpotato whiteßy adults were not signiÞcantly different among planting dates in La Huerta, but signiÞcantly more nymphs (F ϭ 13.99, df ϭ 2, P ϭ 0.0001) were recorded in the plot planted on 4 October ( Table 2 ). The average number of the complex of aphids also was signiÞcantly higher (F ϭ 6.29, df ϭ 2, P ϭ 0.003) on this planting date than in the plots planted on 6 September or 5 December (Table 2 ). In Casimiro Castillo, there were signiÞcant differences in the average number of sweetpotato whiteßy adults (F ϭ 8.53, df ϭ 2, P ϭ 0.0004) and nymphs (F ϭ 26.16, df ϭ 2, P ϭ 0.0001) or aphid adults (F ϭ 7.60, df ϭ 2, P ϭ 0.0009) among sampling dates. The population of whiteßy adults was higher on the plots planted on 9 October and 24 November than in the plot planted on 18 October, whereas signiÞcantly more nymphs were recorded in the plot planted on 24 Column means within year followed by the same letter are not statistically different (DuncanÕs text, P Ͼ 0.05). Fig. 3 . Sweetpotato whiteßy populations in different sites and planting dates. 1999Ð2000.
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November than in the rest of the plots. The aphid population also was higher in the watermelon plot planted on 24 November than in plots of the other sampling dates (Table 2) . There was no difference in the average number of sweetpotato whiteßy adults recorded at Casimiro Castillo and La Huerta, but signiÞcantly more nymphs (F ϭ 15.83, df ϭ 1, P ϭ 0.0001) were detected in Casimiro Castillo than in La Huerta (Table 3 ). The average number of trapped adult aphids (complex of species) in Casimiro Castillo also was signiÞ-cantly higher (F ϭ 32.63, df ϭ 1, P ϭ 0.0001) than in La Huerta (Table 3) .
Virus Infection Dynamics, 1998 -1999. SLCV and PRSV (variety watermelon) were identiÞed in La Huerta-Casimiro Castillo growing area. Because both viruses were always present simultaneously, "percentage of infected plants" in all cases refers to the complex of these viruses. In La Huerta, there were signiÞcant differences in the proportion of infected plants among sampling dates in the plot planted on 16 November (F ϭ 6.23, df ϭ 5, P ϭ 0.0001) and 30 November (F ϭ 228.26, df ϭ 5, P ϭ 0.0001). It was detected signiÞcant correlation between infected plants and age of crop in both plots (r ϭ 0.941, P ϭ 0.005 and r ϭ 0.966, P ϭ 0.002, respectively). On both planting dates, the highest proportion of infected plants was recorded on the last sampling date (Fig. 5) . In Casimiro Castillo, there were signiÞcant differences in the proportion of infected plants among sampling dates in the plot planted on 12 October (F ϭ 40.11, df ϭ 4, P ϭ 0.0001) and 17 November (F ϭ 109.86, df; ϭ 8, P ϭ 0.0001). The highest percentage of infected plants was recorded on 6 January and 8 March, respectively (Fig. 5 ). There was a positive correlation between infected plants and age of crop (r ϭ 0.932, P ϭ 0.001) in the plot planted on 17 November.
In La Huerta, there was a signiÞcant difference (F ϭ 38.25, df ϭ 1, P ϭ 0.0001) in the proportion of infected plants (complex of viruses) between planting dates. A higher average number of infected plants was recorded in the plot planted on 16 November than the plot planted on 30 November (Table 2) . In Casimiro Castillo, more plants were infected in the plot planted on 17 November than in the plot planted on 12 October. In addition, the average number of infected plants was signiÞcantly higher (F ϭ 22.48, df ϭ 1, P ϭ 0.0001) in La Huerta than in Casimiro Castillo (Table 3) .
Virus Infection Dynamics, 1999 -2000. In La Huerta, the proportion of infected plants was signiÞcantly different among sampling dates in all plots (plot planted on 4 October: F ϭ 9.86, df ϭ 10, P ϭ 0.0001; on 6 October: F ϭ 7.24, df ϭ 10, P ϭ 0.0001; and in December: F ϭ 19.10, df ϭ 13, P ϭ 0.0001). In addition, there were signiÞcant correlations between infected plants and age of crop (r ϭ 0.637, P ϭ 0.049; r ϭ 0.870, P ϭ 0.001; and r ϭ 0.904, P ϭ 0.001, respectively). In plots planted on these dates, the highest proportion of infected plants was recorded on 28 December and 21 February, respectively (Fig. 6) . In Casimiro Castillo, there were signiÞcant differences among sampling dates in all plots (plot planted on 9 October: F ϭ 13.86, df ϭ 8, P ϭ 0.0001; on 18 October: F ϭ 28.16, df ϭ 7, P ϭ 0.0001; and on 24 November: F ϭ 310.13, df ϭ 7, P ϭ 0.0001). SigniÞcant correlations between infected plants and age of crop also were detected (r ϭ 0.984, P ϭ 0.0001; r ϭ 0.900, P ϭ 0.002; and r ϭ 0.931, P ϭ 0.001, respectively). In plots planted on these dates, the highest percentage of infected plants was recorded in the last sampling dates, on 29 December, 19 January, and 16 March, respectively (Fig. 6) .
In La Huerta, there was a signiÞcant (F ϭ 258.17, df ϭ 2, P ϭ 0.0001) difference in the proportion of infected plants (complex of viruses) among planting dates. A higher average number of infected plants was detected in the plot planted on 6 December than in the plot planted on 4 or 6 October. In Casimiro Castillo, signiÞcantly more infested plants (F ϭ 169.69, df ϭ 2, P ϭ 0.0001) were recorded in the plot planted on November than in watermelon planted on 9 or 18 October ( Table 2) . This second year, signiÞcantly more infected plants (F ϭ 8.7, df ϭ 1, P ϭ 0.003) were recorded in Casimiro Castillo than in La Huerta across planting dates (Table 3) .
Weed Whitefly Host Species. Sweetpotato whiteßy was recorded from 14 weed species in La Huerta and Casimiro Castillo. Four weed species were highly infested by adults and nymphs. In this category, Crotalaria longirostrata H. & Arm. was the most abundant weed species around plots, and after harvesting of watermelon. Four species (Amaranthus spinosus L., Portulaca oleraceae L., Guazima sp., and an unidentiÞed species) were recorded with moderate levels of adult and immature stages. The rest of the weeds were unidentiÞed, and they hosted low numbers of adults and nymphs. Weeds were more abundant around har- 
Discussion
Sweetpotato whiteßy population dynamics patterns were different among planting dates. There were two main population patterns in accordance with planting dates. There was a trend for a higher presence of sweetpotato whiteßy adults in plots planted on or before 9 October. In plots planted on or after 12 October, there was an opposite trend, because more adults were recorded at Þnal stage of crop development. In this case, adult and nymphal numbers were very low during early developmental stages of watermelon, but populations increased progressively as the crop aged. We think that adults recorded in plots planted on or before 9 October were a result of migration from wild hosts, because only a few nymphs were recorded in these plots. In addition, population density and timing may be different among planting dates. In general, the average number of sweetpotato whiteßy in plots planted on or after 16 November, and periods of high population density, were recorded in younger stages of watermelon development. Generally, in the plots planted after mid-November, the highest population of adults was recorded from ßow-ering to harvesting. As expected, more adults were recorded in plots planted before the mid-November than in plots planted after this date. This is because temperatures were higher from October to December than from November to January. Crop developmental stage also may have been an important factor in the increase of whiteßy populations. Considering 10ЊC as a threshold temperature and 316 degree-days required for the development of a whiteßy from egg to adult (Zalom et al. 1985) , around four or Þve whiteßy generations might be expected in the La Huerta-Casimiro Castillo area (generations were estimated according time from planting to harvesting). Therefore, an increase in population density is expected with each new generation due to more suitable leaves available for whiteßy reproduction. Late plantings of watermelon may have more risk of infestation, because there may be some migration from early-planted plots or nearby weed hosts. Indeed, we discovered that most of the plots planted early were harvested without any destruction of plants or weeds in the study area. These may have been important sources of vector dispersion to later planted plots. Whiteßy and aphid populations were consistently higher in Casimiro Castillo than in la Huerta in both years. This observation is in accordance with heat accumulation, because higher temperatures were recorded in Casimiro Castillo than in la Huerta in both years. The complex of aphid populations was highly erratic during development of watermelon on all dates. Although no signiÞcant correlation was detected between aphid populations and temperature or age of crop, aphids may be present at any fallÐwinter watermelon planting date.
In both years and sites, crop virus infection progressively increased from planting to harvesting (Figs. 5 and 6 ). However, generally, this pattern was not in accordance with vector dynamics. In the plots planted after 16 November, the crop not only reached the greatest levels of infected plants but also the greatest levels of infection occurred more rapidly than those in plots planted before this date (Figs. 5 and 6 ). In addition, severity of infection was greater in plots planted on or after 16 November. In this case, yellowish leaves were detected on plots planted before this date versus plants with severe deformation of leaves recorded in the latest plots. It seems that the proportion of infected plants is more related to age of the crop or virus inoculum than to vector populations, because more infected plants may be expected on plots planted before 16 November than in plots planted after this date. As detected in early-planted plots (including those with high vector populations), fewer infected plants were available as reservoirs to spread viruses. However, in late planting dates (on or after 16 November), high vector population density and high numbers of infected plants increased the virus-spreading capabilities. Aphids also may have an inßuence in spreading viruses. In both years, percentage of infected plants across sampling dates was higher in site where higher aphid population densities were recorded (Figs. 2, 4 , 5, and 6). In addition, more plants were infected across planting dates in La Huerta than in Casimiro Castillo in 1998 Ð1999, but inversely in 1999 Ð2000. In this last period (1999 Ð2000), with the same whiteßy adult population level in both sites, but higher aphid adults trapped across planting dates in Casimiro Castillo, there were more infected plants in Casimiro Castillo than in La Huerta (Table 2) .
Several factors acting separately or interactively may inßuence the population dynamic of vector populations and the complex of viruses in watermelon. Temperature, which is a key factor in driving biological processes, along with watermelon vegetative stage, high vector populations, and presence of wild hosts, may be the main factors driving the infection process. But speciÞc studies are needed to clarify these relationships in the lowlands of Jalisco, Mexico. Current levels of vector populations (nymphs) may not be high enough to produce direct damage to watermelon plants, but adults may be important factor in the virusÕ infection process. As this research demonstrates, planting before mid-November may aid in getting lower levels of infected plants and in improving yield. Destruction of watermelon plants and weeds after harvesting also will be important to ease the whiteßyÐ aphidÐvirus complex in watermelon and possibly in other winter crops.
